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METHODS AND SYSTEMS FOR 
GENERATING ELECTRICAL POWER 

BACKGROUND OF THE INVENTION 

The methods and systems described herein relate generally 
to generating electrical power, and more speci?cally to gen 
erating electrical power using wind energy. 
Wind energy is often used to generate electrical power at 

power plants, often referred to as wind farms, using, for 
example, the rotation of large wind turbines to drive electrical 
generators. However, because wind speed and density 
changes over time, power output from the generators of a 
wind farm may also change over time, sometimes even falling 
to Zero when wind speed drops below a minimum threshold. 
Variations in power output from such wind farms may cause 
variations not only in an amount of power ?owing from the 
farm but also a frequency of a power system to which the 
electrical power is delivered for consumption thereof. A 
group of power systems, power plants, and associated infra 
structure spread over a geographical area is sometimes 
referred to as a grid. A drop in power output from the wind 
farm can cause a de?ciency in power delivered to a local area 

of a grid of which the wind farm is within, as well as power 
delivered to other areas of the grid. Typically, a power output 
of one or more other power plants within the grid is adjusted 
to compensate for a change in the power output from the wind 
farm. Accordingly, a siZe of the wind farm relative to a local 
demand for power, sometimes referred to as a load demand, 
relative to a load demand of other areas of the grid, and/or 
relative to an overall load demand of the grid may in?uence an 
impact of the variable power output of the wind farm on other 
plants in the grid. For example, when power output from the 
wind farm falls to Zero due to low wind, another plant within 
the grid may meet the total load demand of a region of the grid 
local to the wind farm. Such other power plants are typically 
plants that generate electrical power from coal, steam, a com 
bustible ?uid, water, and/ or solar energy but may also include, 
but are not limited to, gas turbine power stations, nuclear 
power plants, or even other wind farms. 

BRIEF DESCRIPTION OF THE INVENTION 

In one aspect, a power generation system includes a wind 
turbine generator for generating electrical power, an alternate 
power source, and a processor programmed to control opera 
tion of the alternate power source to control a power output of 
the alternate power source at least partially based on at least 
one of a wind parameter, a wind forecast, a wind turbine 
condition sensor and a power output of the electrical genera 
tor. 

In another aspect, a method is provided of generating elec 
trical power. The method includes generating electrical power 
using a wind farm, generating electrical power using an alter 
nate power source, and controlling operation of the alternate 
power source to control a power output of the alternate power 
source at least partially based on at least one of a wind param 

eter, a wind forecast, a wind turbine condition sensor, and a 
power output of the wind farm. 

In even another aspect, a processor for controlling opera 
tion of a power generation system including a wind farm and 
an alternate power source is programmed to control operation 
of the alternate power source to control a power output of the 
alternate power source at least partially based on at least one 
of a wind parameter, a wind forecast, a wind turbine condition 
sensor, and a power output of the wind farm. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an exemplary embodiment of a grid 
including a plurality of power generation systems. 

FIG. 2 is a schematic of an exemplary embodiment one of 
the power generation systems shown in FIG. 1. 

FIG. 3 is a graph illustrating an exemplary e?iciency of an 
exemplary embodiment of a gas turbine engine for use with 
the power generation system shown in FIG. 2. 

FIG. 4 is a ?owchart illustrating an exemplary embodiment 
of a method for generating electrical power using the power 
generation system shown in FIG. 2. 

FIG. 5 is a graph illustrating an exemplary embodiment of 
a power output over time of an exemplary wind farm. 

FIG. 6 is a graph illustrating an exemplary embodiment of 
a power output over time of the power generation system 
shown in FIG. 2. 

FIG. 7 is a graph illustrating an exemplary embodiment of 
a power output over time of one of the power generation 
systems shown in FIG. 1. 

FIG. 8 is a graph illustrating an exemplary embodiment of 
a power output over time of another power generation system 
shown in FIG. 1. 

FIG. 9 is a graph illustrating an exemplary embodiment of 
the export of electrical power from the power generation 
system shown in FIG. 2. 

FIG. 10 is a graph illustrating an exemplary embodiment of 
the exchange of electrical power between two of the power 
generation systems shown in FIG. 1. 

Corresponding reference characters indicate correspond 
ing parts throughout the several views of the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, and more speci?cally to 
FIG. 1, an exemplary embodiment of a grid is designated in its 
entirety by the reference numeral 20. The grid 20 includes a 
plurality of power generation systems 22, 24, and 26 and, in 
some embodiments, is spread over a geographic area. The 
grid 20 may also include systems (not shown) that consume 
power (sometimes referred to herein as “power systems”) as 
well as infrastructure (not shown) of the grid 20, such as, but 
not limited to infrastructure for interconnection, control, 
maintenance, and/or improvement of the power generation 
systems 22, 24, and 26, the power systems, and/or any infra 
structure of the grid 20. For example, in some embodiments 
the grid 20 includes electrical transmission lines (not shown) 
interconnecting power generation systems 22, 24, and/ or 26, 
power systems within the grid 20, any infrastructure within 
the gird 20, and/or any combination thereof. Moreover, and 
for example, infrastructure may include infrastructure for 
controlling the generation and distribution of power within 
the grid 20, such as, but not limited to substations (not shown) 
that facilitate distribution of power within the grid 20 and/or 
the control systems 28 and 34 described below and illustrated 
in FIGS. 1 and 2, respectively. Although the grid 20 may 
include any number of power generation systems, for exem 
plary purposes the grid 20 includes the three power genera 
tion systems 22, 24, and 26. In the exemplary embodiment of 
FIG. 1, the grid 20 includes a centraliZed control system 28 
operatively connected to the systems 22, 24, and 26 for con 
trolling a power output of each of the power generation sys 
tems 22, 24, and/or 26 at least partially using, for example, 
processing logic. The control system 28 and/ or portions 
thereof may be located at one of the power generation systems 
22, 24, and/or 26. In some embodiments, the control system 
28 and/or portions thereof are located remote from the power 
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generation systems 22, 24, and/ or 26. The power output of the 
poWer generation systems 22, 24, and 26 controlled by the 
centralized control system 28 may include, but is not limited 
to (Whether described and/ or illustrated herein), an amount of 
electrical poWer generated by the systems 22, 24, and/or 26, a 
frequency of electrical poWer generated by the systems 22, 
24, and/or 26, and/or a rate of change of the amount and/or the 
frequency of electrical poWer generated by the systems 22, 
24, and/ or 26. 

The poWer generation systems 22, 24, and 26 may, for 
example, each serve a geographic region (not shoWn) Within 
the grid 20 by delivering electrical poWer to such regions. In 
some embodiments, at least a portion of the electrical poWer 
delivered to a corresponding region by a system of the sys 
tems 22, 24, and 26 may be generated by another system of 
the systems 22, 24, and 26. Although the poWer generation 
systems 22, 24, and 26 are shoWn in FIG. 1 as generally 
equally spaced apart, it should be understood that FIG. 1 is a 
schematic that is not a scale representation of the grid 20. 
Rather, each of the poWer generation systems 22, 24, and 26 
may be spaced any distance from any other of the systems 22, 
24, and 26. Similarly, the geographic regions each system 22, 
24, and 26 serves may be spaced any distance from other 
geographic regions Within the grid 20, although the geo 
graphic region served by a system 22, 24, and/or 26 need not 
be adjacent such system. In some embodiments, at least one 
of the geographic regions Within the grid 20 overlaps another 
of the geographic regions Within the grid 20. The poWer 
generation systems 22 and 24 may each include any type of 
poWer source. For example, in some embodiments the poWer 
generation system 22 and/or 24 may include a poWer source 
that generates electrical poWer at least partially from coal, 
steam, Water, a combustible ?uid (such as, but not limited to, 
Whether described herein, gasoline, natural gas, diesel fuel, 
etc.), and/or solar energy. Additionally, in some embodi 
ments, the poWer generation systems 22 and/or 24 include a 
nuclear poWer source, a gas turbine poWer station, and/or a 
Wind farm. 

Although the grid 20 may generate any total value of elec 
trical poWer, in one exemplary embodiment the total value of 
electrical poWer generated by the systems 22, 24, and 26 is 
betWeen about 500 and about 10,000 MW. Similarly, 
although each poWer generation system 22, 24, and 26 may 
generate any value of electrical poWer, in one embodiment the 
value of electrical poWer generated by each of the systems 22, 
24, and 26 is betWeen about 10 and about 4,000 MW. 
As shoWn in FIG. 2, the poWer generation system 26 

includes a Wind farm 30 for generating electrical poWer from 
Wind and at least one alternate poWer source 32 for generating 
electrical poWer. Although not shoWn in FIG. 2, as described 
above With respect to the poWer generation systems 22, 24, 
and 26 (systems 22 and 24 are shoWn in FIG. 1), each of the 
Wind farm 30 and/or the alternate poWer source 32 may be 
operatively connected to each other, the systems 22 and/or 24, 
poWer systems (not shoWn) Within the grid 20 (shoWn in FIG. 
1), any infrastructure (not shoWn) Within the grid 20, and/or 
any combination thereof, for example, but not limited to, 
using electricity transmission lines. 

The poWer generation system 26 also includes a control 
system 34 operatively connected to the Wind farm 30 and the 
alternate poWer source 32 for generally controlling operation 
of the Wind farm 30 and/or the alternate poWer source 32. 
Speci?cally, the control system 34 includes a processor 36 for 
controlling a poWer output of the poWer generation system 26, 
including the Wind farm 30 and/or the alternate poWer source 
32. The control system 34 may also include other compo 
nents, for example a component that facilitates executing any 
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4 
of the steps, processes, functions, and/or operations of the 
control system 34 described herein, such as, but not limited to, 
a database 35 operatively connected to the processor 36. As 
Will be described in more detail beloW, the control system 34 
may control a poWer output of any portion of the poWer 
generation system 26, such as, but not limited to, a poWer 
output delivered by the poWer generation system 26 to poWer 
systems Within the grid 20, delivered by the system 26 to the 
systems 22 and/or 24, and/or delivered by the system 26 to 
any infrastructure of the grid 20. As Will also be described 
beloW in more detail, the poWer output of the poWer genera 
tion system 26 controlled by the control system 34 may 
include an amount of electrical poWer generated by any por 
tion of the system 26, a frequency of electrical poWer gener 
ated by any portion of the system 26, and/or a rate of change 
of the amount and/or the frequency of electrical poWer gen 
erated by any portion of the system 26. Additionally, the 
control system 34 may communicate With the centraliZed 
control system 28 (shoWn in FIG. 1) to perform any of the 
functions, processes, steps, and/or operations of the control 
system 34 described herein. The control system 34 and/or 
portions thereof may be located at the alternate poWer source 
32 and/or the Wind farm 30. In some embodiments, the con 
trol system 34 and/ or portions thereof are located remote 
from the alternate poWer source 32 and/or the Wind farm 30. 
The Wind farm 30 includes at least one Wind turbine 36 for 

generating rotational energy from Wind and at least one elec 
trical generator 38 operatively connected to the Wind turbine 
36 for generating electrical poWer from the rotational energy 
generated by the Wind turbine 36. The combination of a Wind 
turbine 36 and an electrical generator 38 is sometimes 
referred to in the art, and may also be referred to herein, as a 
“Wind turbine generator.” The Wind farm 30 may include any 
number of turbines 36 that each may or may not be located 
adjacent other turbines 36 of the Wind farm 30, and/ or may 
include any number of electrical generators 38 that each may 
or may not be located adjacent other generators 39 of the Wind 
farm 30 and/or any turbines 36 of the Wind farm 30. Wind 
farms are knoWn in the art and accordingly the speci?c struc 
ture, functions, steps, processes, and/or operations of the 
Wind farm 30 that operate to generate electrical poWer Will not 
be described in more detail herein. 
The alternate poWer source 32 may include any type of 

poWer source. For example, in some embodiments the alter 
nate poWer source 32 may be a system that generates electri 
cal poWer at least partially from coal, steam, Water, a com 
bustible ?uid (such as, but not limited to, Whether described 
herein, gasoline, natural gas, diesel fuel, etc.), and/or solar 
energy. Additionally, in some embodiments, the alternate 
poWer source 32 includes a nuclear poWer source, a gas tur 
bine poWer station, and/or a Wind farm. In some embodi 
ments, at least a portion of the alternate poWer source 32 is 
mobile for at least partial transportation to or adjacent the 
Wind farm 30, the poWer generation systems 22 and/or 24, 
poWer systems Within the grid 20, geographic regions Within 
the grid 20, and/or any infrastructure of the grid 20. 

In some embodiments, the alternate poWer source 32 
includes a gas turbine engine 40 for generating rotational 
energy from combustion gases. For example, in some 
embodiments the alternate poWer source 32 includes a 
simple-cycle gas turbine engine 40, such as, but not limited to, 
a General Electric LMS100TM engine commercially available 
from General Electric Company of Schenectady, N.Y. Of 
course, the alternate poWer source 32 is not limited to includ 
ing a simple-cycle gas turbine engine 40, but may include 
other types of gas turbine engines 40 in addition to or in place 
of a simple-cycle gas turbine engine. Furthermore, the alter 
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nate power source 32 is not limited to including gas turbine 
engines 40 generally. In some embodiments Wherein the 
alternate power source 32 includes the gas turbine engine 40, 
at least a portion of the engine 40 is mobile for at least partial 
transportation to or adjacent the Wind farm 30, the poWer 
generation systems 22 and/or 24, geographic regions Within 
the grid 20, and/ or any infrastructure of the grid 20. When the 
alternate poWer source 32 includes a gas turbine engine 40, 
the alternate poWer source 32 may also include an electrical 
generator 42 operatively connected to the engine 40 for gen 
erating electrical poWer from the rotational energy generated 
by the gas turbine engine 40. 

In some embodiments, the gas turbine engine 40 has an 
ef?ciency of equal to or greater than about 35 percent at an 
operational load of at least about 50 percent. Additionally, in 
some embodiments the gas turbine engine 40 does not emit 
sound greater than about 100 dBA at a distance of at least 
three feet during operation thereof. Furthermore, in some 
embodiments the gas turbine engine 40 includes a nominal 
rating of betWeen about 50 and 150 MW. Moreover, in some 
embodiments the gas turbine engine 40 emits NOx at no more 
than about 35 parts per million during operation thereof. For 
example, FIG. 3 illustrates an exemplary e?iciency of the gas 
turbine engine 40 over a range of operational loads thereof. 

In some embodiments, the system 26 includes at least one 
sensor 44 operatively connected to the control system 34 for 
measuring a Wind parameter, such as, but not limited to 
(Whether described herein) a Wind speed and/ or a Wind den 
sity. For example, in some embodiments, the sensor 44 is 
con?gured to measure Wind speed and is operatively con 
nected to the control system 34 for transmitting a measured 
Wind speed to the control system 34. Additionally, in some 
embodiments, the sensor 44 is con?gured to measure Wind 
density and is operatively connected to the control system 34 
for transmitting a measured Wind density to the control sys 
tem 34. In some embodiments, the sensor 44 may be con?g 
ured to measure both Wind speed and Wind density, and/or 
may be con?gured to measure other Wind parameters. In 
some embodiments, the system includes at least one sensor 46 
con?gured to measure an operating condition (including an 
indication of a change in any operating condition) of the Wind 
farm 30 (including the turbine(s) 36, the generator(s) 38, and 
any infrastructure of the farm 30), of any infrastructure of the 
grid 20, and/ or of the alternate poWer source 32. For example, 
in some embodiments, the sensor 46 is con?gured to measure 
an operational condition of the Wind farm 30 that indicates a 
failure (or potential failure) of the turbine 36 and/or the gen 
erator 38. The sensors 44 and/or 46 may be located anyWhere 
Within the grid 20. For example, in some embodiments the 
sensors 44 and/or 46 are located at or adjacent a Wind turbine 
36 and/or an electrical generator 38 of the Wind farm 30. 
Additionally, and for example, in some embodiments the 
sensors 44 and/or 46 are located at or adjacent the alternate 
poWer source 32 and/or the systems 22 and/or 24. 
As shoWn in FIG. 4, an exemplary embodiment of a method 

of generating electrical poWer using the poWer generation 
system 26 (shoWn in FIGS. 1 and 2) is designated in its 
entirety by 48. The method 48 generally includes generating 
50 electrical poWer using the Wind farm 30 and generating 52 
electrical poWer using the alternate poWer source 32. As 
described above, the method 48 also includes controlling 54 
operation of the alternate poWer source 32 and/or the Wind 
farm 30 using the control system 34. For example, in some 
embodiments, the control system 34, including the processor 
36, controls 56 (such as, but not limited to, changing or 
maintaining) a poWer output of the alternate poWer source 32 
(and/or the Wind farm 30), for example, to control 57 a total 
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6 
poWer output of the system 26. (A total poWer output includes 
all of the electrical poWer generated, stored, and/ or exported 
by the system 26.) Control 56 of a poWer output of the Wind 
farm 30 and/or the alternate poWer source 32 may include 
control of any characteristic (Whether described herein) of 
electrical poWer. For example, in some embodiments, con 
trolling 56 the poWer output of the Wind farm 30 includes 
controlling 58 an amount of electrical poWer generated by the 
Wind farm 30, controlling 60 a frequency of electrical poWer 
generated by the Wind farm 30, and/ or controlling 62 a rate of 
change of the frequency and/ or the amount of electrical poWer 
generated by the Wind farm 30 (e.g., a scheduled absolute 
maximum rate of change of poWer generation or a scheduled 
time average maximum rate of change). Similarly, in some 
embodiments, controlling 56 the poWer output of the alternate 
poWer source 32 includes controlling 66 an amount of elec 
trical poWer generated by the alternate poWer source 32, 
controlling 68 a frequency of electrical poWer generated by 
the alternate poWer source 32, and/ or controlling 70 a rate of 
change of the frequency and/ or the amount of electrical poWer 
generated by the alternate poWer source 32 (e. g., a scheduled 
absolute maximum rate of change of poWer generation or a 
scheduled time average maximum rate of change). Of course, 
control 57 of a total poWer output may include control of any 
characteristic, Whether described herein, of electrical poWer, 
such as amount, frequency, and/or rate of change. 
The control system 34 may base control 56 of a poWer 

output of the Wind farm 30 and/or the alternate poWer source 
32 at least partially on a Wind parameter (such as, but not 
limited to, Whether described herein, a Wind speed or a Wind 
density), a Wind forecast (e.g., obtained for example using a 
Wind forecasting-algorithm), a Wind turbine condition sensor 
(e.g., the sensor(s) 46 shoWn in FIG. 2), and a poWer output of 
the Wind farm 30 and/or the alternate poWer source 32. Basing 
control 56 at least partially on a Wind turbine condition sensor 

may include, but is not limited to (Whether described herein), 
basing control 56 on an operational condition of the Wind 
farm 30 (such as, but not limited to, Whether described herein, 
an operational condition that indicates a failure, or a potential 
failure, of the Wind farm 30 including any components 
thereof). Of course, and for example, control 56 may also be 
based at least partially on an operating condition of the alter 
nate poWer source 32, any infrastructure of the grid 20, and/or 
the poWer generation systems 22 and/or 24. The Wind speed 
and/or density may be detected using the sensor(s) 44 (shoWn 
in FIG. 2). In some embodiments, the Wind parameter 
detected may be a Wind parameter adjacent a portion of the 
Wind farm 30, for example a Wind turbine 36. In alternative or 
addition to the Wind parameter adjacent the Wind farm 30, a 
Wind parameter remote from the Wind farm 30 may be 
detected. The poWer output of the Wind farm 30 and/or the 
alternate poWer source 32 that the control system 34 may base 
control 56 on may include an amount of electrical poWer 
generated by the Wind farm 30 and/ or the alternate poWer 
source 32, a frequency of electrical poWer generated by the 
Wind farm 30 and/or the alternate poWer source 32, a rate of 
change of the amount and/or frequency of electrical poWer 
generated by the Wind farm 30 and/ or the alternate poWer 
source 32, and/or a potential amount of electrical poWer out 
put of the Wind farm 30 and/or the alternate poWer source 32. 
The potential amount of electrical poWer output of the Wind 
farm 30 and/or the alternate poWer source 32 may be mea 
sured and/or calculated using, for example, ambient condi 
tions adjacent the Wind farm 30 and/or the alternate poWer 
source 32, and/or operational conditions of the Wind farm 30 
and/or the alternate poWer source 32. Similarly, the amount of 
electrical poWer output of the Wind farm 30 and/or the alter 
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nate power source 32 may be measured and/or calculated 
using, for example, ambient conditions adjacent the Wind 
farm 30 and/ or the alternate poWer source 32, and/or opera 
tional conditions of the Wind farm 30 and/or the alternate 
poWer source 32. 
One example of control 56 includes controlling 56 a poWer 

output of the alternate poWer source 32 (and/or the Wind farm 
30) in response to a change (or indication of an upcoming 
and/ or expected change) of a characteristic (including an 
operating condition), such as, but not limited to, a poWer 
output, of the Wind farm 30 (and/or the alternate poWer source 
32). Such a change of a characteristic of the Wind farm 30 
and/ or the alternate poWer source 32 may, for example, be due 
to an operational condition of the Wind farm 30 and/or the 
alternate poWer source 32, and/or may for example, be due to 
a change in a Wind parameter, such as, but not limited to 
(Whether described herein), Wind speed and/ or Wind density, 
for example, adjacent a Wind turbine 36 of the Wind farm 30. 
For example, When a Wind speed and/or density adjacent the 
Wind turbine(s) 36 of the Wind farm 30 reduces, it may reduce 
the rotational energy generated by the Wind turbine 36 from 
the Wind, thereby reducing an amount of electrical poWer 
generated by the electrical generator 38, and consequently the 
Wind farm 30. HoWever, and for example, in anticipation of or 
in response to a reduction of the amount of electrical poWer 
generated by the Wind farm 30, the control system 34 can 
control operation of the alternate poWer source 32 to increase 
the amount of electrical poWer generated by the alternate 
poWer source 32 to compensate for the reduced amount of 
electrical poWer generated by the Wind farm 30, and thereby 
control a total amount of poWer generated by the system 26. 
Similarly, and for example, in anticipation of or in response to 
a reduction of the amount of electrical poWer generated by the 
alternate poWer source 32, the control system 34 may control 
operation of the Wind farm 30 to increase an amount of 
electrical poWer generated by the Wind farm 30 to compensate 
for the reduced amount of electrical poWer generated by the 
alternate poWer source 32. Of course, and for example, the 
control system 34 may decrease an amount of electrical 
poWer generated by the Wind farm 30 and/or the alternate 
poWer source 32 to compensate for a gain of an amount of 
electrical poWer generated by the Wind farm 30 and/or the 
alternate poWer source 32. 

Another example of controlling 56 a poWer output of the 
alternate poWer source 32 and/or the Wind farm 30 includes, 
as described above, controlling 57 a total poWer output of the 
system 26, for example, but not limited to, changing a total 
amount of electrical poWer generated by the system 26, 
changing a frequency of the electrical poWer generated by the 
system 26, and/or changing a rate of change of the frequency 
and/ or the amount of electrical poWer generated by the system 
26. In some embodiments, the control system 34 may control 
57 the total poWer output of the system 26 Within a predeter 
mined range (of a speci?c characteristic(s)), such as, but not 
limited to, predetermined ranges stored in the database 
(shoWn in FIG. 2) of the control system for a variety of 
operating conditions (including ambient conditions) of the 
system 26. In some embodiments, When an amount of elec 
trical poWer generated by the Wind farm 30 is generally about 
Zero, the control system 34 controls 56 a poWer output of the 
alternate poWer source 32 to provide the total amount of 
poWer generated by the system 26 from the alternate poWer 
source 32. In some embodiments, the total amount of electri 
cal poWer generated by the system 26 includes an electrical 
poWer load demand of a geographic region Within the grid 20 
served by the system 26, such that at least some of the elec 
trical poWer generated by the system 26 is delivered to the 
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8 
geographic region served by the system 26. In some embodi 
ments, during some operating conditions, all of the amount of 
electrical poWer generated by the system 26 is delivered to the 
geographic regions served by the system 26. Alternatively, in 
some embodiments all of the amount of electrical poWer 
generated by the system 26 does not include an electrical 
poWer demand of a geographic region Within the grid 20 
served by the system 26. Controlling 56 a poWer output of the 
Wind farm 30 and/ or the alternate poWer source 32 may also 
include, in some embodiments, facilitating minimizing fuel 
costs of the alternate poWer source 32 and/or operational costs 
of the system 26, including the Wind farm 30 and/or the 
alternate poWer source 32. 

Another example of controlling 56 a poWer output of the 
alternate poWer source 32 and/or the Wind farm 30 includes 
controlling an amount of electrical poWer generated by the 
Wind farm 30, for example by increasing it, in response to a 
change in frequency of the electrical poWer generated by the 
Wind farm 30 and/or the alternate poWer source 32. For 
example, the control system 34 may generally maintain a 
particular frequency (such as, but not limited to, Whether 
described herein, about 60 hZ) by controlling the amount of 
electrical poWer generated by the Wind farm 30 and/or the 
alternate poWer source 32. 
As should be understood by one skilled in the art, com 

mands sent from the control system 34 for controlling 56 a 
poWer output of the alternate poWer source 32 and/ or the Wind 
farm 30 may not alWays result in a corresponding poWer 
output of the alternate poWer source 32 and/or the Wind farm 
30. Accordingly, a feedback loop may be utiliZed by the 
control system 34 to calculate and correct for errors in, for 
example, a frequency of the electrical poWer generated by the 
Wind farm 3 0 and/ or the alternate poWer source 32, an amount 
of electrical poWer generated by the Wind farm 30 and/ or the 
alternate poWer source 32, and/or a rate of change of an 
amount and/ or a frequency of electrical poWer generated by 
the Wind farm 30 and/or the alternate poWer source 32. 

FIG. 5 is a graph illustrating an exemplary embodiment of 
a poWer output over time of the Wind farm 30 (shoWn in FIG. 
2) Without the alternate poWer source 32. FIG. 6 is a graph 
illustrating an exemplary embodiment of a poWer output over 
time of the poWer generation system 26 (shoWn in FIGS. 1 
and 2) including the Wind farm 30. FIG. 7 is a graph illustrat 
ing an exemplary embodiment of a poWer output over time of 
the poWer generation system 22 (shoWn in FIG. 1). FIG. 8 is 
a graph illustrating an exemplary embodiment of a poWer 
output over time of the poWer generation system 24 (shoWn in 
FIG. 1). Referring to FIG. 7, a ?rst poWer output 72 represents 
the poWer output over time of the poWer generation system 22 
When the poWer generation system 26 is not generating elec 
trical poWer, a second poWer output 74 represents the poWer 
output over time of the system 22 When the Wind farm 30 
(shoWn in FIG. 2) is generating electrical poWer but the alter 
nate poWer source 32 (shoWn in FIG. 2) is not, and a third 
poWer output 76 represents the poWer output over time of the 
system 22 When both the Wind farm 30 and the alternate 
poWer source 32 are generating electrical poWer. Similarly, 
and referring to FIG. 8, a ?rst poWer output 78 represents the 
poWer output over time of the poWer generation system 24 
When the poWer generation system 26 is not generating elec 
trical poWer, a second poWer output 80 represents the poWer 
output over time of the system 24 When the Wind farm 30 is 
generating electrical poWer but the alternate poWer source 32 
is not, and a third poWer output 82 represents the poWer output 
over time of the system 24 When both the Wind farm 30 and 
the alternate poWer source 32 are generating electrical poWer. 
As can be seen form FIGS. 7 and 8, the second poWer outputs 
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74 and 80 vary more than the ?rst and second power outputs 
72 and 76. Such variation can facilitate Wearing and possibly 
earlier failure of the systems 22 and/ or 24. Furthermore, 
FIGS. 7 and 8 may also illustrate that at high levels of Wind 
generation, When the Wind farm 30 is operational but not the 
alternate poWer source 32, the systems 22 and/ or 24 may have 
to operate at or near their operational limits. However, the 
third poWer outputs 76 and 82 illustrate that the poWer output 
of the systems 22 and 24 are each reduced by about half When 
both the Wind farm 30 and the alternate poWer source 32 are 
generating electrical poWer. Accordingly, use of the system 
26 may facilitate reducing a Wear and/or a failure rate of the 
systems 22 and/ or 24. Furthermore, use of the system 26 may 
facilitate reducing a cost of the generation of electrical poWer 
by supplementing the variable generation of electrical poWer 
of the Wind farm 30, due to variable Wind, With electrical 
poWer generated by the alternate poWer source 32 to thereby 
provide electrical poWer to geographic regions Within the grid 
20 and served by the system 26 Without taxing other poWer 
generations systems Within the grid 20. Moreover, the use of 
a mobile and/ or possibly highly-ef?cient alternate poWer 
source 32 (such as, but not limited to, Whether described 
herein, a simple-cycle gas turbine engine) may facilitate 
reducing a cost of electrical poWer generation, for example, 
by increasing a maneuverability of the alternate poWer source 
32. As should be understood by one skilled in the art of 
electrical poWer generation, “maneuverability” may include a 
rate at Which the alternate poWer source 32 becomes opera 
tional and/or changes a poWer output thereof. 

FIG. 9 is a graph illustrating an exemplary embodiment of 
the delivery of electrical poWer from the poWer generation 
system 26 (shown in FIGS. 1 and 2). FIG. 10 is a graph 
illustrating an exemplary embodiment of the delivery of elec 
trical poWer from the poWer generation system 22 (shoWn in 
FIG. 1) to the poWer generation system 24 (shoWn in FIG. 1). 
Referring to FIG. 9, a poWer input 84 illustrates the system 26 
importing all of its local region poWer demand When the 
system 26 is not generating poWer, for example about 25 MW, 
While referring to FIG. 10 a ?rst poWer input 86 illustrates a 
How of, for example, about 200 MW from the system 22 to the 
system 24 When the system 26 is not generating poWer. Refer 
ring to FIG. 9, a ?rst poWer output 88 of the system 26 
illustrates the system 26 serving its oWn local region poWer 
demand and exporting excess poWer from the system 26 When 
the Wind farm 30 (shoWn in FIG. 2) is generating electrical 
poWer but the alternate poWer source 32 (shoWn in FIG. 2) is 
not. The export varies With the Wind. A second poWer output 
90 of the system 26 also illustrates the system 26 serving its 
oWn local region poWer demand and exporting excess poWer, 
of for example about 75 MW from the system 26 When both 
the Wind farm 30 and the alternate poWer source 32 are 
generating electrical poWer. Referring to FIG. 10, a second 
poWer input 92 illustrates a reduction, of about 100 MW for 
example, in the How of poWer from the system 22 to the 
system 24 When both the Wind farm 30 and the alternate 
poWer source 32 are generating electrical poWer. Accord 
ingly, use of the system 26 may facilitate reducing a Wear 
and/ or a failure rate of the systems 22 and/ or 24. Furthermore, 
use of the system 26 may facilitate reducing a cost of the 
generation of electrical poWer by supplementing the variable 
generation of electrical poWer of the Wind farm 30, due to 
variable Wind, With electrical poWer generated by the alter 
nate poWer source 32 to thereby provide electrical poWer to 
geographic regions Within the grid 20 and served by the 
system 26 Without taxing other poWer generations systems 
Within the grid 20. Moreover, the use of a mobile and/or 
possibly highly-ef?cient alternate poWer source 32 (such as, 
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10 
but not limited to, Whether described herein, a simple-cycle 
gas turbine engine) may facilitate reducing a cost of electrical 
poWer generation, for example, by increasing a maneuver 
ability of the alternate poWer source 32. As should be under 
stood by one skilled in the art of electrical poWer generation, 
“maneuverability” may include a rate at Which the alternate 
poWer source 32 becomes operational and/or changes a poWer 
output thereof. 
When introducing elements of the present invention or the 

preferred embodiment(s) thereof, the articles “a”, “an”, “the” 
and “said” are intended to mean that there are one or more of 

the elements. The terms “comprising”, “including” and “hav 
ing” are intended to be inclusive and mean that there may be 
additional elements other than the listed elements. Moreover, 
use of the term “portion” With respect to something is 
intended to some or all of the thing. 

While the invention has been described in terms of various 
speci?c embodiments, those skilled in the art Will recogniZe 
that the invention can be practiced With modi?cation Within 
the spirit and scope of the claims. 

What is claimed is: 
1. A poWer generation system comprising: 
a Wind turbine generator for generating electrical poWer; 
an alternate poWer source; and 
a processor programmed to control operation of said alter 

nate poWer source and said Wind turbine generator to 
control a poWer output of at least one of said alternate 
poWer source and said Wind turbine generator at least 
partially based on a Wind density measured by a Wind 
density sensor. 

2. A poWer generation system in accordance With claim 1 
Wherein the poWer output of said alternate poWer source 
comprises an amount of electrical poWer generated by said 
alternate poWer source, a frequency of electrical poWer gen 
erated by said alternate poWer source, and a rate of change of 
at least one of the amount and frequency of electrical poWer 
generated by said alternate poWer source. 

3. A poWer generation system in accordance With claim 1 
Wherein said alternate poWer source comprises at least one of 
a simple-cycle gas turbine engine for generating rotational 
energy from combustion gases and a mobile poWer source. 

4. A poWer generation system in accordance With claim 3 
Wherein said alternate poWer source comprises said gas tur 
bine engine, and said system further comprises an electrical 
generator operatively connected to said gas turbine engine for 
generating electrical poWer from the rotational energy gener 
ated by said gas turbine engine. 

5. A poWer generation system in accordance With claim 3 
Wherein said alternate poWer source comprises said gas tur 
bine engine and said gas turbine engine has an ef?ciency of 
one of equal to and greater than about 35 percent at an opera 
tional load of at least about 50 percent. 

6. A poWer generation system in accordance With claim 3 
Wherein said alternate poWer source comprises said gas tur 
bine engine and said gas turbine engine does not emit sound 
greater than about 100 dBA at a distance of at least three feet. 

7. A poWer generation system in accordance With claim 3 
Wherein said alternate poWer source comprises said gas tur 
bine engine and said gas turbine engine emits NOx of no more 
than about 35 parts per million. 

8. A poWer generation system in accordance With claim 1 
Wherein said processor is programmed to control a total 
poWer output of said Wind turbine generator and said alternate 
poWer source by controlling the poWer output of at least one 
of said alternate poWer source and said Wind turbine genera 
tor. 
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9. A power generation system in accordance With claim 8 
Wherein said processor is programmed to control the total 
poWer output of said Wind turbine generator and said poWer 
source Within a predetermined range. 

10. A poWer generation system in accordance With claim 1 
Wherein the poWer output of said Wind turbine generator 
comprises at least one of an amount of poWer generated by 
said Wind turbine generator, a frequency of poWer generated 
by said Wind turbine generator, a rate of change of at least one 
of the frequency and the amount of poWer generated by said 
Wind turbine generator, and a potential amount of poWer 
generated by said Wind turbine generator. 

11. A poWer generation system in accordance With claim 1 
Wherein said processor is programmed to control operation of 
said Wind turbine generator to control a poWer output of said 
Wind turbine generator. 

12. A poWer generation system in accordance With claim 1 
further comprising a Wind parameter sensor for measuring a 
Wind parameter, said Wind parameter sensor operatiVely con 
nected to said processor for transmitting a signal representing 
a measured Wind parameter to said processor. 

13. A poWer generation system in accordance With claim 
12 Wherein the measured Wind parameter comprises at least 
one of the Wind density and a Wind speed. 

14. A method of generating electrical poWer, said method 
comprising: 

generating electrical poWer using a Wind farm; 
generating electrical poWer using an alternate poWer 

source; and 
controlling operation of the alternate poWer source and said 
Wind turbine generator to control a poWer output of at 
least one of the alternate poWer source and said Wind 
turbine generator at least partially based on a Wind den 
sity measured by a Wind density sensor. 

15. A method in accordance With claim 14 Wherein said 
controlling operation of the alternate poWer source comprises 
controlling a total poWer output of the Wind farm and the 
alternate poWer source by controlling the poWer output of at 
least one of the alternate poWer source and the Wind farm. 

16. A method in accordance With claim 15 Wherein said 
controlling the total poWer output of the Wind farm and the 
alternate poWer source comprises controlling the total poWer 
output of the Wind farm and the alternate poWer source Within 
a predetermined range. 

17. A method in accordance With claim 14 Wherein said 
controlling operation of the alternate poWer source to control 
a poWer output of the alternate poWer source comprises con 
trolling at least one of an amount of electrical poWer gener 
ated by the alternate poWer source, a frequency of electrical 
poWer generated by the alternate poWer source, and a rate of 
change of at least one of the amount and the frequency of 
electrical poWer generated by the alternate poWer source. 

18. A method in accordance With claim 14 Wherein said 
controlling operation of the alternate poWer source comprises 
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12 
controlling operation of the poWer source at least partially 
based on the poWer output of the Wind farm, Wherein the 
poWer output of the Wind farm comprises at least one of an 
amount of electrical poWer generated by the Wind farm, a 
frequency of electrical poWer generated by the Wind farm, a 
rate of change of at least one of the frequency and the amount 
of electrical poWer generated by the Wind farm, and a poten 
tial amount of poWer generated by the Wind farm. 

19.A method in accordance With claim 14 further compris 
ing controlling operation of the Wind farm to control a poWer 
output of the Wind farm. 

20. A processor for controlling operation of a poWer gen 
eration system including a Wind farm and an alternate poWer 
source, said processor programmed to control operation of 
the alternate poWer source and a Wind turbine generator to 
control a poWer output of at least one of the alternate poWer 
source and the Wind turbine generator at least partially based 
on a Wind density measured by a Wind density sensor. 

21. A processor in accordance With claim 20 further pro 
grammed to control a total poWer output of the alternate 
poWer source and the Wind farm by controlling the poWer 
output of at least one of the alternate poWer source and the 
Wind farm. 

22. A processor in accordance With claim 21 further pro 
grammed to control the total poWer output of the alternate 
poWer source and the Wind farm Within a predetermined 
range. 

23. A processor in accordance With claim 20 Wherein the 
poWer output of the Wind farm comprises at least one of an 
amount of electrical poWer generated by the Wind farm, a 
frequency of electrical poWer generated by the Wind farm, a 
rate of change of at least one of the amount and the frequency 
of electrical poWer generated by the Wind farm, and a poten 
tial amount of electrical poWer generated by the Wind farm. 

24. A processor in accordance With claim 20 further pro 
grammed to control at least one of an amount of electrical 
poWer generated by the alternate poWer source, a frequency of 
electrical poWer generated by the alternate poWer source, and 
a rate of change of at least one of the amount and the fre 
quency of electrical poWer generated by the alternate poWer 
source. 

25. A processor in accordance With claim 20 further pro 
grammed to control operation of the Wind farm to control a 
poWer output of the Wind farm. 

26. A poWer generation system comprising: 
a Wind turbine generator for generating electrical poWer; 
a gas turbine; and 
a processor programmed to control operation of said gas 

turbine and said Wind turbine generator to control a 
poWer output of at least one of said gas turbine and said 
Wind turbine generator at least partially based on a Wind 
density measured by a Wind density sensor. 

* * * * * 


